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<§). Process for carbonitriding a steel comprising: 
0.75 - 1 .1 % by weight of C; 
up to 1.0 % by weight of Si; 
less than 0.015 % by weight of P; 
up to 0.5 % by weight of Mo; 
up to 1.2 % by weight of Mn; 
0.5-2 % by weight of Cr, 
the remainder being Fe. 

by exposing it at elevated temperatures to an atmosphere comprising at least carbon monoxide, hydrogen, 
nitrogen and added ammonia. This is carried out by exposing it. between 780 and 900 'C. for from 1 to 10 
hours, to an atmosphere comprising at least carbon monoxide, hydrogen and ammonia with a carbon activity 
between 0.90 and 1.10 and a nitrogen potential between 0.10 and 0.60 % N. 
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The present Invention relates to a process for carbonitriding a steel comprising- 
0.75 - 1 .1 % by weight of C; 
up to 1 .0 % by weight of Si; 
less than 0.015 % by weight of P; 
s up to 0.5 % by weight of Mo; 

up to 1.2 % by weight of Mn; 
0.5 - 2 % by weight of Cr. 
the remainder being Fe, 

by exposing it at elevated temperatures to an atmosphere comprising at least carbon monoxide, hydrogen 

io and ammonia. Such a steel grade is disclosed by US Patent No. 4961904. Such steel grades are used for 
example, for rings and rolling elements of rolling bearings. For general applications, this steel is found to be 
particularly suitable for roller bearings, ft has been found, however, that for certain applications In which a 
high static load arises, the steel has to be subject to more stringent requirements. Relevant examples 
include bearings used in gearboxes of vehicles and inaltemators. 

is The object of the present invention is, without further alloying of the abovementioned steel and at 
comparatively low cost to change the structure of this universally used steel in such a way that better 
properties are obtained for these particular uses. 

This object is achieved in a process described herein above by the steel being exposed, for from 1 to 
10 hours, at a temperature between 780 and 900 -C. to that atmosphere whose composition is such that the 

20 carbon activity (a*) is between 0.90 and 1.10 and that a nitrogen potential in balance with the 
atmosphere arises, measured directly on the surface, of 0.1 - 0.6 % by weight of N. Such a nitrogen 
potential can be measured by means of foil analysis. By carbonitriding with such a high carbon activity 
highly alloyed martenslte is produced on the surface of the steel. As a result the static capacity, toughness' 
fatigue strength for rolling contact and wear resistance are improved. 

25 This process for obtaining highly alloyed martensite differs from the processes known hitherto. It has 
been proposed in the prior art to employ, in order to obtain highly alloyed martensite grades, either a steel 
grade having a high carbon content or to employ higher hardening temperatures or to apply a combination 
of these two. This does, however, have the drawback that the structure does not remain fine-grained, the 
toughness decreases and the amount of retained austenite increases, as a result of which dimensional 

30 stability decreases. 

The thermal treatment according to the invention produces enrichment of the surface with carbon and 
nitrogen. No cementite is produced at or near the surface of the steel, as is normally observed in 
carbonitriding ball-bearing steel having the composition 1 % by weight C-1.5 % by weight Cr. Fe (SAE 
52100). As a result of the process according to the invention, the grain size of the austenite remains small 
owing to precipitation and growth of fine residual carbides. As a result of the quenching after carbonitriding, 
a fine-grained martensite having high strength is produced. Since the surface is enriched with austenite^ 
strengthening elements, the temperature at which the martensite is produced is lower at the surface during 
quenching than in the prior art. The surface enrichment causes the shear strength of the austenite to 
increase, so that larger undercooling is necessary, the temperature at which the martensite is produced 
consequently being lower. Moreover, the compressive stress at the surface becomes larger, as a result of 
which the stresses encountered in operation decrease and the service life is prolonged. This involves a 
conventional heat treatment. The lower martensite start temperature provides a considerable increase in 
retained austenite at the surface. This, however, takes place only near the surface, and consequently the 
dimensional stability does not suffer. 

According to a preferred embodiment of the invention, the treatment temperature during carbonitriding 
is between 800 and 880- C, the duration of the treatment between 3 and 5 hours and the carbon activity is 
approximately 1 .0. 

In particular, the added carbonitriding atmosphere comprises 17-25 % by volume of carbon monoxide 
30 - 45 % by volume of hydrogen, 1 - 10 % by volume of ammonia. The amount of ammonia used 
depends to a considerable extent on the furnace in which the carbonitriding is carried out, and on the other 
process parameters. During the dlsassoclatlon of ammonia, atomic nitrogen is released which is partly 
incorporated Into the metal. During carbonitriding. the amount of nitrogen released is measured by 
arranging metal foils in the furnace and analysing these at once. 

A steel obtained by the process described hereinabove preferably comprises, near the surface 10 - 30 
% by volume of austenite, 3 - 10 % by volume of carbide, the remainder being martensite. 

The invention will be clarified below in more detail with reference to an example. Steel 52100 with the 
following composition was used: 
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Chemical composition: 


Carbon: 


0.99 % by weight 


Silicon: 


0.24 % by weight 


Manganese: 


0.29 % by weight 


Phosphorus: 


0.018% by weight 


Sulphur: 


0.023 % by weight 


Chromium: 


1.37% by weight 


Nickel: 


0.19 % by weight 


Molybdenum: 


0.06 % by weight 


Copper: 


0.20 % by weight 


Aluminium: 


0.042 % by weight 



Various samples from the abovementioned steel were subjected to a carbonitriding treatment under the 
following conditions. 
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Table 2 



Test 


Temp CC) 


Time (hr) 


NH 3 (%) 


1 


820 ± 10*C 


• 4 


3 


2 


8701 10 *C 


4 


3 


3 


870 ± 10-C 


4 


1 


4 


9001 10*C 


4 


3 
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The carbon activity of the atmosphere was maintained at 1, as far as possible, which is to say that no 
soot was formed, just. The test samples were present in the form of ball-bearing rings and were all 
quenched in oil at 50 9 C directly from the abovementioned carbonitriding temperature, were rinsed at 60 *C 
and tempered at 160 • C for 1 .5 hours. 

As indicated above, the atmosphere in the furnace depends on the type of furnace employed. When 
measured, said atmosphere was found to have the following composition: 







Table \ 






Atmosphere 






Test 






1 


2 


3 


4 


CO {% by volume) 


17.3 


17.0 


18.6 


18.2 


H 2 (% by volume) 


41.0 


42.0 


42.0 


42.0 


Oxygen sensor 1 (mV 

2.3 


1123 
0.93 


1117 
0:90 


1145 
0.95 


1162 
0.97 


Carbon potential 3 '* 
(2 by weight) 


0.89 


1.14 


1.06 


1.17 



50 



55 " 



3 



6 

EP 0 626 468 A1 



10 



16 



1) The oxygen sensor employed was of the make Process Electronics, 
Model Carbodiff-CE with an oxygen-measuring cell type CS-85. 

2) The value for the carbon activity is given with respect to the 
activity for graphite, i.e. graphite used in the "standard state" for 
carbon. 

3) The carbon activity and the carbon potential are calculated 
from the gas composition and the value measured with the oxygen sensor. 
**) The carbon potential is a property of the atmosphere and 
corresponds, during carburization t to the carbon content of an iron foil. 
During carbonitriding. an interaction with nitrogen occurs, as a result 
of which the carbon content measured in the foil is lower than the 
theoretical carbon potential. 
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can be SteSed^ 8 ***** 3 *' rG,ati ° nShip between the carbon P*"** *>d *e value at the foil 

CO nr?rn^% 3 , T T ^^St as far 35 ** amount of ammonia added is 

concerned. Sample 4 was used to determine the Influence of the carbonitriding temperature 

«™™! Cafb °? ni ? < ? m ° 0ntentS W6re determined by introducing iron foil into the furnace at the same 

5r^enTedTteble4 "* immedlate,y for Carbon and ™* results thereof are 



Table 4 
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Foil Analyses 


Sample 


C(%) 


N{%) 


1 


0.79 


0.46 




0.79 


0.49 


2 


0.95 


028 




0.95 




3 


0.95 


0.15 




0.97 


0.14 


4 







It is found that raising the treatment temperature from 820 -C (test 1) to 870- C (test 2> increases the 
carbon percentage and reduces the nitrogen percentage. At a constant treatment temperature of 8 ^ KC I 

a r m0nia M fr3Cti0n fr ° m 3% (t6St 2) to 1% < test 3 > 9 ave 8 >" the amount 'of 

?*J , "I™ am ° Unt °' Carb ° n teten Up - After teWtaO. the samp.es were subjected to 
renewed hardening. After carbonitriding. either slow cooling or quenching in oil was carried out to some 
cases, hardening was then repeated at 820 - 850'C for approximately 5-20 minutes. Quenching in oil or 
salt was then earned out at a temperature between 50 and 1 10 • C. and tempering at 160 • C 

Metallographic studies showed that the microstructure of the samples 1 and 2 obtained by the 

ZSJ^ !T eth °i. f 0 7 ,pri8ed a ta * er of martensite with a large percentage of retained austenite at 
the surface boundary, fh.s layer was free of carbides. Directly below the interface there was a band <rf 
enlarged cartwdes. but the depth Where this band was encountered varied to some extent In the case of the 
nng accord.ng to test 1. ft. depth was 175 urn and in the case of the ring according to 

Z « n ^ £ a "^ aSUred raCB * thB b8arin9 - 17,8 of ^ned austenite in the matrix amund 

to enlarged carbides was greater in the case of the rings according to test 2. and these carbidesWera 
l,kew,se found to be larger. For both versions, the total affected depth was from 250 to 500 uTvWen Se 
core, the band containing enlarged carbide and the surface layer were tested, it was found that the core 
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structure was not particularly coarse. The grain size of the austenlte was 8 urn In the case of the ring 
according to test 1 and 10 urn in the case of test 2. The hardness at the interface was found to be lower 
than In the core. At a depth of 0.3 mm, the hardness HV was approximately 750 for both versions. In the 
core, the hardness HV was approximately 840 at a load of 0.5 kg. When loading with 10 kg, the Vlckers 
5 hardness was found to be 820 for the ring according to test 1 and 840 for the ring according to test 2. The 
hardness was found to be lowest in the case of the ring according to test 2 and at from 0.09 to 0.17 mm 
from the surface. 

The ring according to test 3 had a martensite layer with a considerable percentage of retained austenite 
at the interface and a band of large carbides at a depth of 100 urn. The hardness HV of the core was 806 
io (at a load of 10 kg) and the starting grain size of the austenite was 9 urn. 

In the. ring according to test 4, a large amount of retained austenite and of martensite was likewise 
present. The depth of the carbide-free layer was approximately 80 urn from the interface. In spite of the 
high treatment temperature, enlarged carbides were present in the matrix, although little residual carbides 
were found in the core. At a load of 10 kg the Vickers hardness was only 775, which is probably caused by 
75 the large amount of retained austenite. 

It was found that after a grinding and/or honing treatment of the samples which were treated according 
to the present invention, the surface layer consisting of carbide-free martensite and residual austenite was 
completely removed. The new surface layer consisted of enlarged carbides, martensite and the residual 
austenite. The carbides, in particular, have a positive effect on the wear resistance. 
20 Although the invention has been described hereinabove with reference to a few examples, it should be 
understood that the invention is not limited thereto and that the scope extends to what is defined in the 
accompanying claims. 

Claims 

25 • 

1. Process for carbonitriding a steel comprising: 

0.75 - 1 .1 % by weight of C; 
up to 1 .0 % by weight of Si; 
less than 0.015 % by weight of P; 
30 up to 0.5 % by weight of Mo; 

up to 1.2 % by weight of Mn; 
0.5 - 2 % by weight of Cr, 

the remainder being Fe, by exposing it at elevated temperature to an atmosphere comprising at 
least carbon monoxide, hydrogen and ammonia, characterized in that the steel is exposed, for from 1 to 
35 10 hours, at a temperature between 780 and 900 'C, to that atmosphere whose composition is such 
that the carbon activity (ad is between 0.90 and 1.10 and that a nitrogen potential Npo, in balance with 
the atmosphere results, measured directly on the surface, of 0.1 - 0.5 % by weight of N. 

2. Process according to Claim 1, in which the nitrogen potential, measured at the surface, is approxi- 
40 mately 0.4 % by weight of N. 

3. Process according to Claim 1, in which the treatment temperature is between 800 and 870 *C, the 
duration of the treatment between three and five hours, and the carbon activity (ac) is approximately 
1.00. 

45 

4. Process according to any one of the preceding claims, in which said added atmosphere comprises: 

17-25 % by volume of carbon monoxide, 
30-45 % by volume of hydrogen, 
1 - 10 % by volume of ammonia. * 

50 

5. Process according to any one of the preceding claims, in which the steel comprises: 

0.85 - 0.95 % by weight of C 
up to 0.1 % by weight of Si 
0.2 - 0.3 % by weight of Mo 
55 0.25 - 0.45 by weight of Mn 

1.30 - 1.65 by weight of Cr. 
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Process according to any one of the preceding claims, in which the steel is quenched after 
carbonitriaing. 

2rft« r in UC ?n t V P \° CeSS , accordin 9 10 "* one of «"« P^ceding claims, comprising near the 
surface 10 - 30 % by volume of retained austenite. 3 - 10 % by volume of carbides, the remainder 
Deing martensite. 

Rolling bearing, comprising at least one part consisting of a steel according to Claim 7 or manufactured 
by the process according to any one of Claims 1-5. 



6 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 94 20 1258 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citadel of immml with bdkarion, 
of wfcvggt pi 



CLASSIFICATION OP THE 
APTUCATION (hK.Q.5) 



CHEMICAL ABSTRACTS , vol. 89, no. 4, 
24 July 1978, Columbus, Ohio, US; 
abstract no. 28563x, 

FLORIAN ENIL 'adjustment and control of 
carbon and nitrogen potentials in gaseous 
carbon Hrldatl on using ammonia-containing 
endogas 1 

page 260 ; column 89 ; 

* abstract * 

& constr. mas, 1977,29(5), p226-30 (rom) 

METAL SCIENCE AND HEAT TREATMENT, 
vol.32, no. 5/6, 5 June 1990, NEW YORK, USA 
pages 326 - 330 

E.L. GYUL I KHANDANOV 'structure of 
carbonitrided layers containing Increased 
concentrations of nitrogen 1 

* ganse document* 

METAL SCIENCE AND HEAT TREATMENT, 
vol.26, no. 3/4, March 1984, NEW YORK, USA 
pages 262 - 267 

E. L. GUYLIHANDANOV 'Influence of 
high-temperature carboni trlding on the 
structure, phase composition and properties 
of low-alloy steels 1 

* ganse document* 

METAL SCIENCE AND HEAT TREATMENT, 
vol.26, no. 3/4, March 1984, NEW YORK.USA 
pages 273 - 275 

A.V. POZHARSKII 'Increasing the service 
life of hydraulic distribution valves by 
therrnocycllng carblnl trlding of the slide 
valves' 

*ganse document* 

-/— 



Tbe 

THE HAGUE 



1.2,4 



C23C8/32 
C21D9/36 



1.2,6,7 



1.6,7 



TECHNICAL 



C23C 
C21D 



1.6,7 



pm mi amkmm «f U. mm* 

1 September 1994 



El sen, D 



CATEGORY OF CITED DOCUMENTS 



Y : panmiMHj nlmsl II 

O: 



wttb I 



D: 



or prtedflt eaiortytef tto 



A : i 



•tar of t**s 



4, • ' 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 94 20 1258 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cttatioaof 4 



RoJevi 

to 



CLASSIFICATION OF THE 
APWJCATION (htCU) 



GB-A-2 258 274 (NSK) 

* page 14, line 1 - line 10; claims 1^4; 
table 1 * 

GB-A-2 209 058 (NIPPON SEIKO K.K.) 

* page 15, line 5 - page 22, line 17 * 

GB-A-2 235 212 (NIPPON SEIKO K.K.) 

* page 17, line 8 - line 12; claims 1-7; 
table 1 * 

CHEMICAL ABSTRACTS, vol. 85, no. 8, 

23 August 1976, Columbus, Ohio, US; 

abstract no. 49875 j, 

ISKHAKOV 'effect of chemical -heat 

treatment on the efficiency of sprocket 

chains prd-38-3000 1 

page 204 ;column 85 ; 

* abstract * 

tee tal loved term, obrab. met. 
1975, (12), 30-3 (russ) 



1,6-8 

1,6-8 
1,6-8 

1,6,7 



0MXL3) 



Tbm p i —at worth rayon baa 



a drawn op for oil 



THE HAGUE 



1 September 1994 



CATEGORY OF CITED DOCUMENTS 

X i BflrtCHtarty rdrnnat tf t»km %1om 
* lynton 
of taoi 



El sen, 0 



Y : aartlCBtAfly nimrnat If 
inroiin ' 



T i tfbaary or oriodjlo eatwMat tko taw 
C t oaittor patM tosMtt, lot pa 

aftar tao Alias 
D : <oc— t dtai ia too aaaUcatfoe 
L : cocsjMt tftai for stWrmnu 



a : aaaaar of &• i 



V 



® 



J 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



■111 

© Publication number: 




0 626 468 A1 



<2> EUROPEAN PATENT APPLICATION 

© Application number: 9420125a4 (£) Int. CI* C23C 8/32, C21D 9/36 

(§) Date of filing: 06.05.94 



® Priority: 26.05.93 NL 9300901 


v^y Mppncani. oivr industrial Trading & 


(§) Date of publication of application: 




Ifaluinhaan 4C 
rvtHVinoaan ID 


30.11.94 Bulletin 94/48 


NL-3439 MT Nleuwegeln (NL) 


® Designated Contracting States: 


@. Inventor: Beswlck, John Michael 


DE FR QB 


Th. Elsenstraat 59 




NL-3417 WX Montfoort (NL) 




Inventor: Kerrigan, Aldan Michael 




Adriaan van Ostadelaan 157 III 




NL-3583 AQ Utrecht (NL) 




Inventor: Slycke, Jan Ture 




Putterlaan 36 




NL-3722 WH Blldhoven (NL) 




Inventor Vollmer, Terence Taylor 




Sparrendreef 5 




NL-4132 XW Vlanen (NL) 




© Representative: de Bruljn, Leendert <X et al 




Nederlandsch Octrooibureau 




Schevenlngseweg 82 




P.O. Box 29720 




NL-2502 LS Den Haag (NL) 


© Process for carbonltrldlng steel. 



00 
CO 

CD 
CM 
CO 



©. Process for carbonitriding a steel comprising: 
0.75 - 1.1 % by weight of C; 
up to 1.0 % by weight of Si; 
less than 0.015 % by weight of P; 
up to 0.5 % by weight of Mo; 
up to 1.2 % by weight of Mn; 
0.5 - 2 % by weight of Cr, 
the remainder being Fe. 

by exposing it at elevated temperatures to an atmosphere comprising at least carbon monoxide, hydrogen; 
nitrogen and added ammonia. This is carried out by exposing it, between 780 and 900 # C. for from 1 to 10 
hours, to an atmosphere comprising at least carbon monoxide, hydrogen and ammonia -with a carbon activity 
between 0.90 and 1.10 and a nitrogen potential between 0.10 and 0.60 % N. 
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The present Invention relates to a process for carbonitiiding a steel comprising* 

0.75 - 1 . 1 % by weight of C; 

up to 1 .0 % by weight of Si; 

less than 0.015 % by weight of P; 

up to 0.5 % by weight of Mo; 

up to 1 2. % by weight of Mn; 

0.5 • 2 % by weight of Cr, 

the remainder being Fe, 

by exposing it at elevated temperatures to an atmosphere comprising at least carbon monoxide, hydrogen 
and ammonia. Such a steel grade is disclosed by US Patent No. 4961904. Such steel grades are used, for 
example, for rings and rolling elements of rolling bearings. For general applications, this steel is found to be 
particularly suitable for roller bearings. It has been found, however, that for certain applications in which a 
high static load arises, the steel has to be subject to more stringent requirements. Relevant examples 
include bearings used in gearboxes of vehicles and inahernators. 

The object of the present Invention is, without further alloying of the abovementioned steel and at 
comparatively low cost, to change the structure of this universally used steel in such a way that better 
properties are obtained for these particular uses. 

This object is achieved in a process described herein above by the steel being exposed, for from 1 to 
10 hours, at a temperature between 780 and 900 *C, to that atmosphere whose composition is such that the 
carbon activity (aj is between 0.90 and 1.10 and that a nitrogen potential in balance with the 
atmosphere arises, measured directly on the surface, of 0.1 - 0.6 % by weight of N. Such a nitrogen 
potential can be measured by means of foil analysis. By carbonitriding with such a high carbon activity, 
highly alloyed martensite is produced on the surface of the steel. As a result the static capacity, toughness! 
fatigue strength for rolling contact and wear resistance are improved. 

This process for obtaining highly alloyed martensite differs from the processes known hitherto. It has 
been proposed in the prior art to employ, in order to obtain highly alloyed martensite grades, either a steel 
grade having a high carbon content or to employ higher hardening temperatures or to apply a combination 
of these two. This does, however, have the drawback that the structure does not remain fine-grained, the 
toughness decreases and the amount of retained austenite increases, as a result of which dimensional 
stability decreases. 

The thermal treatment according to the invention produces enrichment of the surface with carbon and 
nitrogen. No cementite is produced at or near the surface of the steel, as is normally observed in 
carbonitriding ball-bearing steel having the composition 1 % by weight C-1.5 % by weight Cr, Fe (SAE 
52100). As a result of the process according to the invention, the grain size of the austenite remains small 
owing to precipitation and growth of fine residual carbides. As a result of the quenching after carbonitriding, 
a fine-grained martensite having high strength is produced. Since the surface is enriched with austenite^ 
strengthening elements, the temperature at which the martensite is produced is lower at the surface during 
quenching than in the prior art. The surface enrichment causes the shear strength of the austenite to 
increase, so that larger undercooling is necessary, the temperature at which the martensite is produced 
consequently being lower. Moreover, the compressive stress at the surface becomes larger, as a result of 
which the stresses encountered in operation decrease and the service life is prolonged. This involves a 
conventional heat treatment. The lower martensite start temperature provides a considerable increase in 
retained austenite at the surface. This, however, takes place only near the surface, and consequently the 
dimensional stability does not suffer. 

According to a preferred embodiment of the invention, the treatment temperature during carbonitriding 
is between 800 and 880' C, the duration of the treatment between 3 and 5 hours and the carbon activity is 
approximately 1.0. 

In particular, the added carbonitriding atmosphere comprises 17 - 25 % by volume of carbon monoxide 
30 - 45 % by volume of hydrogen, 1 - 10 % by volume of ammonia. The amount of ammonia used 
depends to a considerable extent on the furnace in which the carbonitriding is earned out, and on the other 
process parameters. During the dlsassociatlon of ammonia, atomic nitrogen Is released which is partly 
incorporated Into the metal. During carbonitriding, the amount of nitrogen released is measured by 
arranging metal foils in the furnace and analysing these at once. 

A steel obtained by the process described hereinabove preferably comprises, near the surface. 10 - 30 
% by volume of austenite. 3 - 10 % by volume of carbide, the remainder being martensite. 

The invention will be clarified below in more detail with reference to an example. Steel 52100 with the 
following composition was used: 
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Table 1 
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Chemical composition: 


Carbon: 


0.99 % by weight 


Silicon: 


0.24 % by weight 


Manganese: 


0.29 % by weight 


Phosphorus: 


0.018% by weight 


Sulphur: 


0.023 % by weight 


Chromium: 


1.37 % by weight 


Nickel: 


0.19 % by weight 


Molybdenum: 


0.06 % by weight 


Copper: 


0.20 % by weight 


Aluminium: 


0.042 % by weight 



Various samples from the abovementioned steel were subjected to a carbonitriding treatment under the 
following conditions. 
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Table 2 



Test 


Temp CO 


Time (hr) 


NH 3 (%) 


1 


820 i 10*C 


' 4 


3 


2 


870± 10*C 


4 


3 


3 


870 i 10-C 


4 


1 


4 


900 i 10*C 


4 


3 



30 



35 



The carbon activity of the atmosphere was maintained at 1, as far as possible, which is to say that no 
soot was formed, just. The test samples were present in the form of ball-bearing rings and were all 
quenched in oil at 50 *C directly from the abovementioned carbonitriding temperature, were rinsed at 60 *C 
and tempered at 160 • C for 1 .5 hours. 

As indicated above, the atmosphere in the furnace depends on the type of furnace employed. When 
measured, said atmosphere was found to have the following composition: v 







Table 3 






Atmosphere 






Test 






1 


2 


3 


4 


CO (% by volume) 


17.3 


17-0 


18.6 


18.2 


H 2 (% by volume) 


41.0 


42.0 


42.0 


42.0 


Oxygen sensor 1 (mV 

2.3 


1123 
0.93 


1147 
0:90 


1145 
0.95 


1162 
0.97 


Carbon potential 3 '* 
(2 by weight) 


0.89 


1.14 


1.06 


1.17 



50 



55 



3 



»• 

EP 0 626 468 A1 



10 



16 



The oxygen sensor employed was of the make Process Electronics, 
Model Carbodiff-CE with an oxygen-measuring cell type CS-85. 

2) The value for the carbon activity is given with respect to the 
activity for graphite, i.e. graphite used in the -standard state" for 
carbon. 

3) The carbon activity and the carbon potential are calculated 
from the gas composition and the value measured with the oxygen sensor. 

4) The carbon potential is a property of the atmosphere and 
corresponds, during carburization, to the carbon content of an iron foil. 
During carbonitriding. an interaction with nitrogen occurs, as a result 
of which the carbon content measured in the foil is lower than the 
theoretical carbon potential. 



20 



25 



can beSt^ned^ 6 ***** * * r8,ati0nShlp between the carbon P° tential and *e value at the foil 

ennir^Q 3 T * Mtri *? d under conditions, as far as the amount of ammonia added is 

concerned. Sample 4 was used to determine the influence of the carbonitriding temperature 

*w7? ? ™ d ni ?°f en °° ntentS were determlned b V introducing iron foil into the furnace at the same 
SLnLT£ble4 ana,yS,n9 ** immGdlat9,y for Carbon ™« nitoosn. The results thereof are 



Table 4 



30 



35 



AO 



45 



50 



55 



Foil Analyses 


Sample 


C(%) 


N(%) 


1 


0.79 


0.46 




0.79 


0.49 


2 


0.95 


0.28 




0.95 


0.26 


3 


0.95 


0.15 




0.97 


0.14 


4 







It is found that raising the treatment temperature from 820- C (test 1) to 870* C (test 2) increases the 

ZElZTST" tedU r S ^ nitr09Sn PerC8nta9e - At a ««« treatment temperature of 870 - C a 
SSTiii ™ ^ 0nia J racfion from 3% ^st 2) to 1% (test 3) gave a decrease in the amount of 
rIS tlZJ^V" JT^ ° f ° arb0n tek8n up - After tempering, the samples were subjected to 
renewed hardening. After carbonitriding. either slow cooling or quenching in oil was carried out In some 
cases, hardening was then repeated at 820 - 850'C for approximately 5-20 minutes. Quenching in oil or 
salt was then earned out at a temperature between 50 and 1 10 • C. and tempering at 160 • C 

Metallographic studies showed that the microstructure of the samples 1 and 2 obtained by the 
mT^f T T °t comprised a ia * er of martensite with a large percentage of retained austenfte at 

IlSiES"^ Pi ^ W3S *"* °' Cart,ideS ' ° ireCt,y b8l0w me interface ^ * banJ o 
enlarged carbides, but the depth where this band was encountered varied to some extent In the case of the 

nng according to test 1. the depth was 175 urn and in the case of the ring according to te£ SeS 

*~ Ured in "» race * *. ^ring. The amount of retained austenite in 
me enlarged carbides was greater in the case of the rings according to tesl 2. and these carbides were 

SrS.^* r ,arger ' T VerSi ° nS ' th8 t0ta ' from 2 *> to So SfSLTE 

core, the band containing enlarged carbide and the surface layer were tested, it was found that the core 
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structure was not particularly coarse. The grain size of the austenite was 8 am in the case of the ring 
according to test 1 and 10 urn in the case of test 2. The hardness at the interface was found to be lower 
than in the core. At a depth of 0.3 mm, the hardness HV was approximately 750 for both versions, in the 
core, the hardness HV was approximately 840 at a load of 0.5 kg. When loading with 10 kg, the Vickers 
5 hardness was found to be 620 for the ring according to test 1 and 840 for the ring according to test 2. The 
hardness was found to be lowest in the case of the ring according to test 2 and at from 0.09 to 0.17 mm 
from the surface. 

The ring according to test 3 had a martensite layer with a considerable percentage of retained austenite 
at the interface and a band of large carbides at a depth of 100 urn. The hardness HV of the core was 806 

to (at a load of 10 kg) and the starting grain size of the austenite was 9 urn. 

In the. ring according to test 4, a large amount of retained austenite and of martensite was likewise 
present. The depth of the carbide-free layer was approximately 80 urn from the interface. In spite of the 
high treatment temperature, enlarged carbides were present in the matrix, although little residual carbides 
were found in the core. At a load of 10 kg the Vickers hardness was only 775, which is probably caused by 

75 the large amount of retained austenite. 

It was found that after a grinding and/or honing treatment of the samples which were treated according 
to the present invention, the surface layer consisting of carbide-free martensite and residual austenite was 
completely removed. The new surface layer consisted of enlarged carbides, martensite and the residual 
austenite. The carbides, in particular, have a positive effect on the wear resistance. 

20 Although the invention has been described hereinabove with reference to a few examples, it should be 
understood that the invention is not limited thereto and that the scope extends to what is defined in the 
accompanying claims. 

Claims 

25 • 

1. Process for carbonitriding a steel comprising: 

0.75 - 1 .1 % by weight of C; 
up to 1 .0 % by weight of Si; 
less than 0.01 5 % by weight of P; 
30 up to 0.5 % by weight of Mo; 

up to 1.2 % by weight of Mn; 
0.5 - 2 % by weight of Cr, 

the remainder being Fe, by exposing it at elevated temperature to an atmosphere comprising at 
least carbon monoxide, hydrogen and ammonia, characterized in that the steel is exposed, for from 1 to 
35 10 hours, at a temperature between 780 and 900 # C, to that atmosphere whose composition is such 
that the carbon activity (ad is between 0.90 and 1.10 and that a nitrogen potential Npo, in balance with 
the atmosphere results, measured directly on the surface, of 0.1 - 0.5 % by weight of N. 

2. Process according to Claim 1, in which the nitrogen potential, measured at the surface, is approxi- 
4o mately 0.4 % by weight of N. 

3. Process according to Claim 1, in which the treatment temperature is between 800 and 870 *C, the 
duration of the treatment between three and five hours, and the carbon activity {aj is approximately 
1.00. 

45 

4. Process according to any one of the preceding claims, in which said added atmosphere comprises: 

17 - 25 % by volume of carbon monoxide, 
30 - 45 % by volume of hydrogen, . 
1 - 10 % by volume of ammonia. 

so 

5. Process according to any one of the preceding claims, in which the steel comprises: 

0.85 - 0.95 % by weight of C 
up to 0.1 % by weight of Si 
0.2 - 0.3 % by weight of Mo 
55 0.25 - 0.45 by weight of Mn 

1.30-1.65 by weight of Cr. 
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6. Process according to any one of the preceding claims, in which the steel is quenched after 
carbonitriding. 



7. Steel produced by the process according to any one of the preceding claims, comprising 
s surface 10-30 % by volume of retained austenite, 3 - 10 % by volume of carbides, the r 



being martensite. 



near the 
remainder 



8. Rolling bearing, comprising at least one part consisting of a steel according to Claim 7 or manufactured 
by the process according to any one of Claims 1-5. 

70 
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